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(57) Abstract 

A method for refractive correction of the eye in order to improve the vision of the eye wtrire not adversely" affecting us natu- 
ral asphericity is described. The method involves determining the amount of correction necessary, selecting an intrastromal cor- 
neal ring (ICR) (47) of appropriate thickness to obtain the necessary correction from a selection of ICRs of varying thickness, 
and inserting the ICR (47) into the corneal stroma Q2). The method may be useful for the correction of myopia and excessive as- 
tigmatism. 
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5 METHOD FOR CORNEAL CURVATURE VARIATION 

pgseription 

Technical Field 

This invention is in the general field of 
10 medical technology and relates specifically to a 
method for varying corneal curvature in order to 
correct vision problems. 

Background 

15 Anomalies in the shape of the eye can cause 

visual disorders. Hyperopia occurs when the eyeball 
is too short- In such a case, parallel rays from 
greater than 20 feet focus behind the retina. Myopia, 
on the other hand occurs when the eyeball is too long. 

2 0 The focus of parallel rays in this case is in front of 

the retina. Astigmatism is a condition in which the 
parallel rays of light do not come to a single point, 
but rather have a variable focus due to the fact that 
the cornea is aspherical and refracts light in a 
25 different meridian at different distances. Some 

degree of astigmatism is normal, but where it is too 
high, it must often be corrected. 

Hyperopia, myopia and astigmatism are 
usually corrected by glasses or contact lenses. 

3 0 Surgical methods for the correction of such disorders 

have been cited in the literature and include radial 
keratotomy (see e.g. U.S. Patents Nos. 4,815,463 and 
4,688,570) and laser corneal oblation (see e.g. U.S. 
Patent No. 4,941,093). Further, the general method of 
35 implanting rings in the corneal stroma to change the 
curvature of the cornea is known. Previous work 
involving the implantation of polymethylmethacrylate 
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(PMMA) rings, allograft corneal tissue and hydrogels 
is well documented. One of the ring devices involves 
a ring design that allows a split ring to be inserted 
into a channel dissected in the stromal layer of the 
5 cornea using a minimally invasive incision through 
which the channel for the implant is created and 
through which the implant is inserted and adjusted. 
Adjustment of the device normally involves an 
adjustment of ring size or diameter. 

U.S. Patent No. 4,452,235, which is herein 
incorporated by reference in its entirety, describes a 
method and apparatus for corneal curvature adjustment. 
The method involves inserting one end of a split end 
adjusting ring into the cornea of the eye and moving 
the ring in a circular path until its ends meet. The 
ends are thereafter adjusted relative to each other 
until the shape of the eye has assumed a desired 
curvature whereupon the ends are fixedly attached to 
maintain the desired curvature of the cornea. 

The present invention describes a method 
that allows for the refractive correction of the eye 
wherein the curvature of the cornea is changed by 
inserting rings of varying thickness into the corneal 
stroma . 



10 



15 



20 



25 



^"r* th» invention 

One aspect of the invention is a method for 
refractive correction of an eye for the purpose of 
improving the vision of the eye without adversely 
30 affecting its natural asphericity. The amount of 

correction necessary for improving the vision of the 
eye is determined. Next, an intrastromal corneal ring 
(ICR) of a thickness that will provide the determined 
amount of refractive correction is selected from a 
35 plurality of rings of varying. thickness. Finally, the 
ring is inserted into the corneal stroma of the eye. 
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A second aspect of the invention is. a method 
for correcting myopia in the human eye. The amount of 
refractive correction necessary for correcting the 
myopia is determined. Next, an ICR of a thickness 
5 that will provide the determined amount of refractive 
correction is selected from a plurality of rings of 
varying thickness. Finally, the ring is inserted into 
the corneal stroma of the eye. 

A further aspect of the invention is a 
10 method for alleviating excessive astigmatism in the 
' human eye. The amount of refractive correction 

necessary for alleviating the excessive astigmatism is 
determined. Next, an ICR of a thickness that will 
provide the determined amount of refractive correction 
15 is selected from -a plurality of rings of varying 

thickness. Finally, the ring is inserted into the 

corneal stroma of the eye. 

Brief Description of the Drawings 

Figure 1 is a schematic representation of a 

2 0 horizontal section of the eye. 

Figure 2 is a schematic illustration of the 
anterior portion of the eye showing the various layers 

of the cornea. 

Figure 3 is a schematic representation of a 

25 normal eye. 

Figure 4 is a schematic representation of a 

myopic eye. 

Figure 5A is a plan view of an ICR of the 

invention. 

30 Figure 5B is an cross sectional view of an 

ICR of the invention. 

Figure 6 shows the effect of ICR thickness 

on refraction. 

Figures 7A, 7B, 7C and 7D show the change in 
35 asphericity when an ICR is implanted into a cadaver 
eye. 
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Like elements in the drawings bear, the same 
reference numerals. 

furies for r ,r rY in fl Ont the Tpvgntjon 
5 Figure 1 shows a horizontal section of the 

eye with the globe 11 of the eye resembling a sphere 
with an anterior bulged spherical portion representing 

the cornea 12 . 

The globe 11 of the eye consists of three 

10 concentric coverings enclosing the various transparent 
media through which the light Bust pass before 
reaching the sensitive retina 18. The outermost 
covering is a fibrous protective portion the posterior 
five-sixths of which is white and opaque and called 

15 the sclera 13, and sometimes referred to as the white 
of the eye where visible to the front. The anterior 
one-sixth of this outer layer is the transparent 
cornea 12. 

A middle covering is mainly vascular and 
20 nutritive in function and is comprised of the choroid 
14, ciliary body 16 and iris 17. The choroid 14 
generally functions to maintain the retina 18. The 
ciliary body 16 is involved in suspending the lens 21 
and accommodation of the lens. The iris 17 is the 
2 5 most anterior portion of the middle covering of the 

eye and is arranged in a frontal plane. It is a thin 
circular disc corresponding to the diaphragm of a 
camera, and is perforated near its center by a 
circular aperture called the pupil 19. The size of 
30 the pupil varies to regulate the amount of light which 
reaches the retina 18. It contracts also to 
accommodation, which serves to sharpen the focus by 
diminishing spherical aberration. The iris 17 divides 
the space between the cornea 12 and the lens 21 into 
35 an anterior chamber 22 and posterior chamber 23. The 
innermost portion of covering is the retina IB, 
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consisting of nerve elements which form the true 
receptive portion for visual impressions. 

The retina 18 is a part of the brain arising 
as an outgrowth from the fore-brain, with the optic 
5 nerve 24 serving as a fiber tract connecting the 

retina part of the brain with the fore-brain. A layer 
of rods and cones, lying just beneath a pigmented 
epithelium on the anterior wall of the retina serve as 
visual cells or photoreceptors which transform 
10 physical energy (light) into nerve impulses. 

The vitreous body 26 is a transparent 
gelatinous mass which fills the posterior four-fifths 
of the globe 11. At its sides it supports the ciliary 
body 16 and the retina 18. A frontal saucer-shaped 
15 depression houses the lens. 

The lens 21 of the eye is a transparent bi- 
convex body of crystalline appearance placed between 
the iris 17 and vitreous body 26. Its axial diameter 
varies markedly with accommodation. A ciliary zonule 
20 27, consisting of transparent fibers passing between 
the ciliary body 16 and lens 21 serves to hold the 
lens 21 in position and enables the ciliary muscle to 
act on it. 

Referring again to the cornea 12, this 
25 outermost fibrous transparent coating resembles a 

watch glass. Its curvature is somewhat greater than 
the rest of the globe and is ideally spherical in 
nature. However, often it is more curved in one 
meridian than another giving rise to astigmatism. A 
30 central third of the cornea is called the optical zone 
with a slight flattening taking place outwardly 
thereof as the cornea thickens towards its periphery. 
Most of the refraction of the eye takes place through 
the cornea. 

35 Referring to Figure 2, a more detailed 

drawing of the anterior portion of the globe shows the 
various layers of the cornea 12 comprising an 
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epithelium 31. Epithelial cells on the surface 
thereof function to maintain transparency of the 
cornea 12. These epithelial cells are rich in 
glycogen, enzymes and acetylcholine and their activity 
5 regulates the corneal corpuscles and controls the 
transport of water and electrolytes through the 
lamellae of the stroma 32 of the cornea 12. 

An anterior limiting lamina 33, referred to 
as Bowman's membrane or layer, is positioned between 
10 the epithelium 31 and the stroma 32 of the cornea. 

The stroma 32 is comprised of lamella having bands of 
fibrils parallel to each other and crossing the whole 
of the cornea. While most of the fibrous bands are 
parallel to the surface, some are oblique, especially 
15 anteriorly. A posterior limiting lamina 34 is 

referred to as bescemet's membrane. It is a strong 
membrane sharply defined from the stroma 32 and 
resistant to pathological processes of the cornea. 

The endothelium 36 is the most posterior 
20 layer of the cornea and consists of a single layer of 
cells. The limbus 37 is the transition zone between 
the conjunctiva 38 and sclera 13 on the one hand and 
the cornea 12 on the other. 

Figure 3 shows the globe of the eye having a 
25 cornea 12 with a normal curvature 41. If parallel 
rays of light pass through the corneal surface of 
Figure 3, they are refracted by the corneal surfaces 
to converge eventually near the retina of the eye. 
The diagram of Figure 3 discounts, for the purposes of 
30 this discussion, the refractive effect of the lens or 
other portions of the eye. The eye depicted in Figure 
4 is myopic. The corneal curvature 4 3 causes the 
light rays to refract into focus at a point in the 
vitreous body which is short of the retinal surface. 
35 If an ICR is implanted into the chord of the cornea 
such that the radius of curvature of the cornea is 
uniformly increased, the central curvature of the 
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cornea is flattened. Light rays refracted bythe now 
flattened corneal surface will be refracted at a 
smaller angle and thus converge at a more distant 
point such as directly on the retina. 
5 The method of the present invention is 

concerned with a system for adjusting an annular chord 
of the cornea to increase the radius of curvature of 
the cornea without adversely affecting its natural 
asphericity. Where there is serious astigmatism, the 
10 natural asphericity will not be altered such that the 
astigmatism will be significantly increased. However, 
where there is significant astigmatism that results in 
impaired vision, the method of the invention may 
actually improve the asphericity to reduce such 
15 astigmatism and improve vision. Referring to Figure 
2, an intrastromal corneal ring (ICR) 47, having a 
cross sectional shape as shown in Figure 5B is shown 
implanted in the stromal layer of the cornea. By 
selecting the thic)cness of the ring according to the 
20 amount of correction necessary, the rays refracted by 
the cornea and other eye components can be brought to 
focus directly on the retina 18. The thickness of the 
ring may be between 0.05 mm and 0.60 mm. Such a ring 
placed approximately at the 8 mm chord of the cornea 
25 provides a means for making such a corrective 
adjustment. 

Figure 5A shows a preferred ICR of the 
invention. The ICR is comprised of a generally 
circular member having split end portions. The ring 
30 is comprised of a material which has sufficient 

stiffness to maintain its generally circular shape. 
The material should have properties that render it 
physiologically compatible with the tissue of the 
cornea. An illustrative material is a plastic type 
3 5 material sold under the trade name of PLEXIGLASS'" , 
however wany other biocompatible polymers are useful 
in. the invention. The cross sectional shape of the 
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rings is that of Figure 5B and is generally 
dimensioned to be about 1 an from point to point 
(dimension x) and from about 0.05 mm to 0.60 mm in 
thickness (dimension y) . 
5 Even where the eye is not myopic, the method 

of the present invention may be useful to alleviate 
excessive astigmatism. 

In the method of the invention, the 
physician will determine the amount of corrective 
10 refraction necessary to improve a patient's vision. 
From the determination of necessary corrective 
refraction, the physician will choose an ICR from a 
panel of ICRs of varying thickness. A typical panel 
of ICRs will consist of 5 ICRs with the following 
15 thicknesses: 0.25 mm, 0.30 mm, 0.35 mm, 0.40 mm and 
0.45 mm. The corrective refraction for those ICRs are 
as follows: between 1.0 and 2.0 diopters for the 0.25 
mm ICR, between 2.0 and 4.0 diopters for the 0.30 mm 
ICR, between 4.0 and 8.0 diopters for the 0.35 mm ICR, 
20 between 6.0 and 10.0 diopters for the 0.40 mm ICR, and 
between 8.0 and 15.0 diopters for the 0.45 mm ICR. It 
should be noted that these values are for ICRs of 
cross sectional shape shown in Figure 5B. The amount 
of corrective refraction for the various thicknesses 
25 of ICRs of different cross sectional shaped rings may 
differ from those values. 

After the physician has selected the 
appropriate ICR, he/she will proceed to insert the ICR 
into the corneal stroma of the eye. The ICR is 
30 inserted through a 2.5 mm oblique keratotomy incision 
placed peripherally into the corneal stroma. Prior to 
ring insertion, a channeling blade is inserted at the 
depth of the incision and a circular channel is cut 
into the corneal stroma. Proper centering of the cut 
35 is accomplished by use of a centering device that 
aligns the channeling blade. The ring is then 
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inserted and the ends are secured by fastening one end 

to the other. 

The following examples are intended to 
further illustrate but not to limit the invention in 
5 any manner. 

Example 1 

In order to define the corneal topography 
that results from the ICR thickness effect, ICR's of 

10 o.26, 0.31, 0.36, 0.41 and 0.46 am thickness were 

implanted into deturgesced cadaver eyes. The average 
spherical radii of curvature were measured using a 
Kerametrics Class II Corneal Surface Analyzer which 
uses laser holographic inter ferometry to measure 

15 corneal topography. The results of this study are 

shown in Figure 6. Excluding the data from the 0.41 
ICR wherein an air bubble artifact was discovered, the 
corneal flattening relationship is approximately 
linear. That is, there is approximately 1 diopter of 

20 flattening for each 0.02 mm increase in ICR thickness 
for the given range of ICR sizes. 

Example 2 

In order to determine the effect of ICR's on 
25 the natural asphericity of the cornea, the corneal 

topography of an eye was measured before and after ICR 
implantation using the Kerametrics Class II Corneal 
Surface Analyzer. The Analyzer uses laser holographic 
inter ferometry to measure corneal topography. The 

30 results of these measurements are presented in units 
of waves of deviation from spherical in Figures 7A, 
7B, 7C, and 7D for an ICR of 0.30 am thickness. These 
curves exaggerate the topographical deviations from a 
spherical surface yet measure the entire corneal 

35 surface to a high degree of accuracy. The measurement 
of the cornea before and after implantation of the ICR 
indicates that the natural asphericity of the cornea 
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is not eliminated and that the central portion of the 
cornea becomes more symmetrical as indicated by the 
profiles measured at 0 degrees (the top of the cornea) 
and a point 90 degrees removed. Figures 7A and 7B 
5 show the cornea of a cadaver prior to ICR 

implantation. Figures 7C and 70 show the same cornea 
after implantation of an ICR of 0.30 mm thickness. 

ffvanple 3 

10 F our human patients were implanted with 0.30 

mm intrastromal corneal rings. The visions of the 
patients prior to surgery were measured to be: 20/400, 
20/400 , 20/200 , and 20/400. Twelve hours following 
surgery the visions had improved to 20/15, 20/30, 

15 20/40, and 20/30. There was no serious trauma to the 
eyes of any of the four patients. 

Modifications of the above described modes 
for carrying out the invention that are obvious to 
20 persons of skill in the fields of medicine, 

ophthalmology, optometry and/or related fields are 
intended to be within the scope of the following 
claims. 
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Claims 

1. A method for refractive correction of 
an eye for the purpose of improving the vision of said 
eye without adversely affecting its natural 
5 asphericity, said method comprising: 

(a) determining an amount of refractive 
correction necessary for improved vision in said eye; 

(b) providing a plurality of intrastromal 
corneal rings (ICRs) of varying thickness; 

10 ( C ) selecting from said plurality of ICRs 

an ICR of a thickness that provides said amount of 
refractive correction; and 

(d) inserting the selected ICR into the 
corneal stroma of said eye. 



15 



20 



2. The method of claim 1 wherein the 
thickness of the ICR is between 0-05 and 0.60 mm. 

3. The method of claim 1 wherein the 
refractive correction is between 1.0 and 18.0 
diopters. 



4. The method of claim 1 wherein the 
refractive correction is between 1.0 and 2.0 diopters 

25 and the ICR is 0.25 mm thick. 

5. The method of claim 1 wherein the 
refractive correction is between 2.0 and 4.0 diopters 
and the ICR is 0.30 mm thick. 



30 



6. The method of claim 1 wherein the 
refractive correction is between 4.0 and 8.0 diopters 
and the ICR is 0.35 mm thick. 



35 



7 . The method of claim 1 wherein the 
refractive correction is between 6.0 and 10.0 diopters 
and the ICR is 0.40 mm thick. 
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8. The method of claim 1 wherein the 
refractive correction is between 8.0 and 15.0 diopters 
and the ICR is 0.4 5 mm thick. 

5 9. A method for correcting myopia in a 

human eye, said method comprising: 

(a) determining an amount of refractive 
correction necessary to correct said myopia; 

(b) providing a plurality of intrastromal 
10 corneal rings (ICRs) of varying thickness; 

(c) selecting from said plurality, of ICRs 
an ICR of a thickness that provides said amount of 
refractive correction; and 

(d) inserting the selected ICR into the 
15 corneal stroma of the eye. 

10. The method of claim 9 wherein the 
thickness of the ICR is between 0.05 and. 0.60 mm. 

20 xi . The method of claim 9 wherein the 

refractive correction is between 1.0 and 18.0 
diopters. 

12. The method of claim 9 wherein the 

2 5 refractive correction is between 1.0 and 2.0 diopters 
and the ICR is 0.25 mm thick. 

13. The method of claim 9 wherein the 
refractive correction is between 2.0 and 4.0 diopters 

3a and the ICR is 0.30 mm thick. 

14. The method of claim 9 wherein the 
refractive correction is between 4.0 and 8.0 diopters 
and the ICR is 0.35 mm thick. 
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15 The nethod of claim 9 wherein the 
refractive correction is between 6.0 and 10.0 diopters 
and the ICR is 0.40 mm thick. 

5 16 The method of claim 9 wherein the 

refractive correction is between 8.0 and 15.0 diopters 
and the ICR is 0.45 mm thick. 

17. A method for alleviating excessive 
astigmatism In a human. eye said method comprising: 

( a) determining an amount of refractive 
correction necessary for alleviating the excessive 

astigmatism in said eye; 

(b) providing a plurality of intrastromal 

corneal rings (ICRs) of varying thickness; 

( c) selecting from said plurality of ICRs 
an ICR of a thickness that provides said amount of 
refractive correction; and 

(d) inserting the selected ICR into the 

20 corneal stroma of the eye. 

18. The method of claim 17 wherein the 
intrastromal corneal ring has a thickness of between 
about 0.05 and 0.60 mm. 

25 



10 



15 



30 



J 



35 




FIG.1 




F1G.4 



WO 93/13724 



PCT/US93/00059 



5/8 



( 



.8 

d 



i 



■ •■■tft«**WMt|>ll«»IM«M«lt«**«*t*»»*l« 



m 
.in 

d 



.5? 

d 



m 
d 



° E 
° E 



m CO 
-«•? CO 
O LU 



LL 



o 



O 
-CO 



m 
d 



o 



in 



1 



rica^d^CNiri -~ 



o 

I© 



^ l/) O S 0) 



b ^ w n J *J ® 



C4P) dP '39NVH0 3AllOVUd3y TVaNWOO 




FIG.7B 




" S3AVM 3«v simn 



WO 93/13724 



PCT/US93/00059 



8/8 



III 
ct 

UJ 

z 

CO 

I 

I 
I 
« 



e 

o 



o 

q 
d 

0) 



o 
o 
o 
o 

CO 



o 
o 
o 

>. o 



o 

1 - 



n 



o 
o 
o 
o 



I 
I 
I 



< 



in 
d 



o 



UJ 

o 
z 
< 

CO 

5 

< 

5 
< 

O 

UJ 
N 

3 
< 

cc 
o 
z 



o 

J ^ 

I 



o 

2 



S3AVM aUV.SllNH 



INTERNATIONAL SEARCH REPORT Hnw.-auonai application No. 

PCT/US93/00059 



A. CLASSIFICATION OF SUBJECT MATTER 
IPQ5) A61B 19/00 

According to International Patent Clarification MPO or to both tuuonil ciawficauon and IPC 



B. FIELDS SEARCHED 



Minimum oocumentiaon searched <cla«mcai»on system followed by ciaasmcauon symboUl 
U.S. i;8H6.5; 606/107. 166;623M-6.35W160R 



Documcnutionsearcnedotnertnan minimum aocumenuuon to the euemuut .ucn document* are include* in the field, crenel 



Electronic data base consulted during the international search tname of data base and. where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO DE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant paasages 


Relevant to claim No. 




A 
A 

A 

A 
A 


US.A, 4,452.235 (Reynolds) 05 June 1984 See entire document. 

US,A, 4,607,617 (Choyce) 26 August 1986 See column 2 lines 46- 
53. 

US,A, 4,298,004 (Schachar et al.) 03 November 1981 See entire 
document. 

US, A, 4,549,529 (White) 29 October 1985 See entire document. 
US,A, 4,565, 19? /Koeniger) 21 January 1986 See entire document. 


1-18 
1-18 

1-18 

1-18 
1-18 


~| Fun 


her document! are listed in the continuation of Box C. Q See patent family annex. 


ip««liN|inaifCM iulimiiii. 4**-* mf\ ■ ■ ■ \i cm** m*im*m** 
*A* <n«^iifM|>i|i' 1*- — -*-*-— ■>< pnmmMmmtmy M*irtj«ftt« a «■■ 

la m pm W pinnir wtwa ^ pwycMar a* tmmm m*mmm emmt fee 

*E* MiiMT lirniMt 1 1 ^ * twMH*dirwlieMMii«Nln««w*wP 

•L* inriMM wtoA —y *J»w — — ^nf^jt^^) <k ****** 111 • 

«ncmJ mm m mmaftm) Y f l^iTa^^r"*" mTiTmLi i mm «ta *• • 

•p* 4ooBwMMpmMteMf«aMirilii|«fliMlucr*iB "i* 1 1 r mm» mmmm «f m^wmmmtrnt (ily 


Date ot the actual completion of the imrnauonal feareh 
IB MARCH 1993 


Date oi mailing of the mic manorial eearch report 

27 m 1993 

- • ■ — - 




Name end maiiinr address of the ISA/US 
Commtuioncr of Paunu and Trtdcmsrii 
Bo i PCT 

Wnnmjum. D.C. 10231 
Facsimile No NOT APPLICABLE 


JOHN LACYK ^^*N. , 
TVIrnhnne No. f703l 30S-OS58-' 
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BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
l^FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: ! = . 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



